A search for flavor-changing neutral current (FCNC) processes in associated production of a top quark and Higgs boson, with the Higgs boson decaying to a pair of b quarks, is presented. To experimentally probe the top-Higgs FCNC couplings, for the first time the single-top production is considered as a signal process. One isolated lepton and at least three reconstructed jets, among which at least two are identified as b quark jets, are found in the final state. The data sample corresponds to an integrated luminosity of 35.9 fb −1 recorded by the CMS experiment at the LHC in proton-proton collisions at √ s = 13 TeV in 2016, and the final results are presented in the form of the observed and expected 95% CL upper limits on the branching ratio of top quark decays.
Motivation
In the Standard Model (SM), flavor-changing neutral currents (FCNC) are forbidden at tree level and strongly suppressed in loop corrections [1] . Several extensions of the SM incorporate significantly enhanced FCNC that can be directly probed at the LHC [2] . This report summarizes the latest CMS [3] results of the top-Higgs FCNC analysis with H → bb decays performed for the associated production of a top quark with a Higgs boson i.e. gu/c → t(→ + νb)H(→ bb) (abbr. ST, used for the first time in this analysis) and the FCNC decays of top quarks in tt semileptonic events i.e. gg → t(→ + νb)t(→ u/cH(→ bb)) (abbr. TT) [4] . The SM branching fraction of t → Hq is predicted to be O(10 −15 ) [5] . The predicted cross section at 13 TeV for ST under the assumption κ Hut = 1 , κ Hct = 0 (κ Hut = 0 , κ Hct = 1) is 13.84 (1.90) pb, while for the TT, it is 36.98 pb for each of the couplings. The cross section times branching ratio is calculated for both signatures. The sensitivity to κ Hut coupling can be improved by exploiting both the TT and ST processes.
Analysis Strategy
The events with exactly one isolated lepton (electron or muon) and at least two identified b jets are considered. The Monte Carlo (MC) simulation of the signal and the dominant background (the SM tt) is done at leading order (LO) using MAD-GRAPH [6] , and the next-to-leading order (NLO) using POWHEG v2 [7] , respectively. The particle-flow (PF) algorithm [8] is used to reconstruct and identify individual particles. Jets are reconstructed by clustering PF candidates using the anti-kt [9] algorithm with a distance parameter of 0.4. Tracks are assigned to vertices according to CMS tracking and vertex finding algorithms and combined with photon candidates. The jet finding algorithm is applied to these physics objects. Single lepton events are recorded using a trigger passing at least one electron (muon) with p T > 32 GeV (24 GeV) selected within |η| < 2.1. Lepton candidates are selected requiring |η| < 2.1 with p T > 35 GeV (30 GeV). Leptons are isolated using a relative isolation requirement I rel < 0.06 (0.15) and corrected for energy deposits from pileup interactions. Multilepton background processes are suppressed rejecting events with additional leptons passing the looser isolation requirement of I rel < 0.25 and p T > 10 GeV. The events must have at least three jets with p T > 30 GeV within the |η| < 2.4. As signal events contain three b quarks in the final state, the requirement for the presence of at least three jets in event with at least two of them identified as b jets is applied. The identification (b-tagging) is performed using "Combined Secondary Vertex v2" (CSVv2) algorithm using the medium working point [10] . The signal sensitivity is increased by splitting events into five categories based on the total number of reconstructed jets and the number of b tagged jets. A full kinematic reconstruction of the event is performed for several hypotheses: ST, TT, and tt semileptonic background event. It is done for all possible permutations of the b jets to be associated with the Higgs boson and the top quark decay products. The reconstructed kinematic variables are used as the input variables of the multivariate analysis (MVA) that uses a Boosted Decision Tree (BDT) algorithm. The b jet permutation with the highest BDT score is chosen as the correct one. For each jet category, the generated t → u/cH signal events are trained against the sum of all background events in a BDT. The variables with the best separation power are: the lepton charge (considered only t → uH), the CSVv2 of the lowest p T b jet from Higgs boson decay, the reconstructed mass of the Higgs boson, and the BDT score used for the b jet assignment. In each t → u/cH jet category, the corresponding BDT score distribution is used for the signal extraction. Fig 1 shows the data-MC comparison for this observable after the fit to data. Various sources of systematic uncertainty that affect both the normalisation and shape of the predicted background are taken into account as nuisance parameters in the computation of the exclusion limits [4] . The systematic uncertainties considered in the simulation are independent variation of the factorisation and renormalisation scales, µ F and µ R , and variation in the PDF and α S . The dominant systematic uncertainty arises from the application of the b tagging requirement.
Results
The final results are presented as the exclusion limits set on the top quark FCNC decay branching ratios. A 95% confidence level (CL) upper limit is computed for the production cross section of top-Higgs FCNC events times branching ratios of the top quark semileptonic decay and the Higgs boson decay to b quarks [4] . The expected and observed limits on the signal production cross section are computed per each category, as well their combination (Fig 3) . A simultaneous fit is performed to all categories and the resulting signal strength is shown in Fig 2. The observed (expected) 95% CL exclusion limits on the branching ratios B(t → uH) < 0.47(0.34)% and B(t → cH) < 0.47(0.44)% of the top quark FCNC decays are obtained. The results are also interpreted for the scenario where both FCNC couplings have non-zero values (Fig 3, bottom) .
Conclusion
The results of the search for the top-Higgs FCNC with the 35.9 fb −1 data collected in proton-proton collisions at √ s = 13 TeV are presented. This search considered tt pair production with a top quark FCNC decay, together with production of singletop FCNC in association with a Higgs boson, which is used for the first time. The observed (expected) 95% CL upper limits have been set on the branching ratios of top quark decays, B(t → u/cH) < 0.47/0.47% (0.34/0.44%). Including the single-top FCNC production mode in this study, the upper limit on t → uH branching ratio has been improved by 20% relatively to the exclusive usage of the tt FCNC process.
